We report on the first star discovered to host a planet detected by radial velocity (RV) observations obtained within the CARMENES survey for exoplanets around M dwarfs. HD 147379 (V = 8.9 mag, M = 0.58 ± 0.08 M ), a bright M0.0 V star at a distance of 10.7 pc, is found to undergo periodic RV variations with a semi-amplitude of K = 5.1±0.4 m s −1 and a period of P = 86.54±0.06 d. The RV signal is found in our CARMENES data, which were taken between 2016 and 2017, and is supported by HIRES/Keck observations that were obtained since 2000. The RV variations are interpreted as resulting from a planet of minimum mass m p sin i = 25 ± 2 M ⊕ , 1.5 times the mass of Neptune, with an orbital semi-major axis a = 0.32 au and low eccentricity (e < 0.13). HD 147379 b is orbiting inside the temperate zone around the star, where water could exist in liquid form. The RV time-series and various spectroscopic indicators show additional hints of variations at an approximate period of 21.1 d (and its first harmonic), which we attribute to the rotation period of the star.
Introduction
Low-mass M-type stars have attracted increasing attention in the exoplanet community over the past decade. The low masses and small radii of M dwarfs make the detection of rocky planets less challenging than for Sun-like stars, and the typical detection limit for radial velocity (RV) surveys is on the order of 1 m s −1 , which permits the discovery of rocky planets in their habitable zones (e.g., Martín et al. 2005; Scalo et al. 2007; Tarter et al. 2007; Bonfils et al. 2013; Anglada-Escudé et al. 2016) . These stars are also of particular interest because they are by far the most numerous (Henry et al. 2006 (Henry et al. , 2016 . In addition, the transit signal of a rocky planet around such stars is within reach of ground-based telescopes of small aperture (e.g., Gillon et al. Article number, page 1 of 10
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Until now, RV measurements of M dwarfs have produced 81 planet discoveries in total, many of them in multiple systems. 1 Only 20 of them are more massive than 0.1 M Jupiter , suggesting that M dwarfs host fewer giant planets than solar-mass stars (Cumming et al. 2008; Johnson et al. 2010) . While this may be a consequence of the hot Jupiters being more frequent around hotter stars because more building material is available (Mordasini et al. 2012) , the trend has not been confirmed so far in transit surveys (e.g., Johnson et al. 2012; Obermeier et al. 2016 ). Low-mass stars are also suspected to favor multi-planet systems, which results in an average of more than two planets per host star (Dressing & Charbonneau 2015) . An exoplanet survey targeted on nearby M dwarf stars therefore promises to detect many lowmass planets around nearby stars for which the perspectives for a detailed investigation and characterization are good.
M dwarf stars as targets for exoplanet searches have their specific challenges. While the spectral coverage of typical visual RV instruments is well suited for FGK-type stars, the much redder spectral energy distribution of M-type stars requires redoptical and near-infrared coverage for better efficiency. Additionally, M dwarfs are typically active, and a wide (simultaneous) wavelength coverage is therefore extremely valuable to distinguish between wavelength-dependent activity signals and wavelength-independent planetary signals in RV measurements. CARMENES (Quirrenbach et al. 2014 ) addresses these issues. We have been conducting a dedicated survey of about 300 wellcharacterized M dwarfs (Garcia-Piquer et al. 2017; Reiners et al. 2017; Jeffers et al. 2017) since January 2016 within Guaranteed Time Observations. The performance of the instrument has been demonstrated and compared to others in a paper on M-type stars known to host planets (Trifonov et al. 2017 ). The present paper is dedicated to the first star discovered by CARMENES to host a planet.
In the following, we introduce the host star HD 147379 with its basic properties in Sect. 2, describe our data from CARMENES and HIRES/Keck in Sect. 3, and present our results from the analysis of the radial velocity measurements in combination with various activity indicators in Sect. 4. Our results are then summarized in Sect. 5.
HD 147379
The star HD 147379 (GJ 617 A, HIP 79755, J16167+672S) is bright (V = 8.9 mag; J = 5.8 mag) and classified as M0.0 V (Alonso-Floriano et al. 2015) ; it is located at a distance of d = 10.735 ± 0.026 pc (Gaia Collaboration et al. 2016) . This star forms a common proper motion pair with a fainter companion (EW Dra, M3.0 V, V = 10.6 mag) at a projected separation of 1.07 arcmin, or about 690 au at the distance of the system (Lépine & Bongiorno 2007) . From the CARMENES data of HD 147379, we detect marginal Doppler broadening caused by rotation with sin i = 2.7 ± 1.5 km s −1 . At this low value of sin i, we cannot entirely exclude that not rotation, but other effects such as a spectral mismatch between HD 147379 and the reference star caused the additional broadening, which means that the value of sin i is essentially an upper limit.
The star shows mild chromospheric Ca H & K emission with a median S -index of 1.53 measured from the HIRES data ). Butler and collaborators reported an absence of Hα 1 http://exoplanet.eu emission in most of their spectra, but some Hα emission detections in 12 of their 30 spectra. We cannot confirm this detection in our CARMENES data; all of our spectra show Hα in absorption. We note that Newton et al. (2017) also listed Hα emission for HD 147379, but their reference for this value in fact reported Hα in absorption (Gizis et al. 2002) .
Using the ROSAT all-sky survey X-ray flux of GJ 617 A and B (Voges et al. 1999 ) and the flux ratio derived from a later ROSAT HRI pointing (Schmitt & Liefke 2004) , we compute an X-ray luminosity of L X = 10 27.6 erg s −1 for HD 147379 (GJ 617 A). From the relation between X-ray activity and rotational period given in Eq. 11 in Reiners et al. (2014) , we estimate the rotational period to be P ≈ 31 d. The uncertainty of this estimate is approximately ±20 days because X-ray values of individual stars show a large scatter around the rotation-activity relation.
For the stellar properties, we adopted the values in the top part of Table 1 . The atmospheric parameters T eff and [Fe/H] were determined by fitting PHOENIX-ACES synthetic spectra (Husser et al. 2013) to the CARMENES spectra, as described in Passegger et al. (2016) . We collected broad-band photometry from several surveys covering all parts of the spectral energy distribution (SED) of the target (Caballero et al. 2016) . Integrating this photometric SED allowed us to determine the luminosity L as described in Cifuentes (2017). The radius R was calculated from our measured T eff and L, while the mass was obtained from the linear M − R relation measured by Casal (2014) . From the stellar radius and projected equatorial velocity, we can estimate the rotational period of HD 147379 to be P rot / sin i = 11
. If the star is seen under a low inclination angle, i, the real value of P rot will be lower (faster rotation). As explained above, however, the detection of spectral Doppler broadening is only marginal, which means that rotational periods longer than 10-20 d cannot be excluded. A rotation period of 10 d or longer is consistent with the absence of Hα emission; faster rotators (P rot ≤ 10 d) typically show emission, while slower rotators tend to lose their ability to generate it (Jeffers et al. 2017 ).
Data
We analyzed data from the CARMENES VIS channel and HIRES/Keck. The CARMENES measurements were taken in the context of the CARMENES search for exoplanets around M dwarfs. The CARMENES instrument consists of two channels: the VIS channel obtains spectra at a resolution of R = 94, 600 in the wavelength range 520-960 nm, while the NIR channel yields spectra of R = 80, 400 covering 960-1710 nm. Both channels are calibrated in wavelength with hollow-cathode lamps and use temperature-and pressure-stabilized Fabry-Pérot etalons to interpolate the wavelength solution and simultaneously monitor the spectrograph drift during nightly operations (Bauer et al. 2015) .
Observations with CARMENES were tailored to obtain a signal-to-noise ratio of 150 in the J band, and the typical exposure time for HD 147379 was 7 min. The median internal RV precision of the CARMENES VIS channel exposures of HD 147379 is σ VIS = 1.7 m s −1 . The corresponding values of the internal RV precision in the NIR channel are significantly higher, σ NIR = 8.6 m s −1 , mainly because in early-M dwarfs the amount of spectral features is higher in the VIS channel spectral range . For the analysis carried out in this paper, we therefore only used RVs from the VIS channel. From the CARMENES data, the reduction pipeline provides information about chromospheric emission from Hα, the variation of the line profile shape (dLw), and the chromatic index (crx), as detailed in Zechmeister et al. (2017) .
We also computed the cross-correlation function (CCF) of each spectrum using a weighted binary mask that was built from coadded observations of the star itself. We selected ∼3000 deep, narrow, and unblended lines that were weighted according to their contrast and inverse full-width at half-maximum (FWHM). We computed one CCF for each spectral order and subsequently combined these individual CCFs according to the signal-to-noise ratio to compute the final CCF. We fitted a Gaussian function to the central part of the combined CCF and determined the radial velocity, FWHM, contrast, and bisector span. The latter is defined as the difference between the average bisector values in the CCF regions from 90 % to 60 % and from 40 % to 10 %.
We further included in our analysis the RV data from HIRES/Keck published in Butler et al. (2017) . Thirty observations are reported between May 2000 and July 2014, and they have a median internal uncertainty of σ Keck = 1.1 m s −1 . We show all data in Fig. 1 . Butler et al. (2017) reported a signal requiring confirmation at P = 2.1 d.
Results
We show periodograms using the generalized Lomb-Scargle formalism (GLS, Zechmeister & Kürster 2009) in Fig. 2 . In the top panel, CARMENES RVs show a prominent signal at a period of P = 86.5 d ( f = 0.0115 d −1 ). Because of the limited total time baseline of CARMENES observations, the peak is relatively broad. Keck observations cover a longer time span, which leads to a higher frequency resolution in the periodogram, but the number of observations is not sufficient to identify any statistically significant peak. Nevertheless, we observe excess power at around f = 0.0115 d −1 , which means that HIRES/Keck data are consistent with a 86.5 d periodicity. The periodogram from both data sets together reveals a clear and unique signal at this frequency, as shown in the third panel of Fig. 2 . To test whether the signal is persistent in the CARMENES data, we calculated periodograms from the first and second half of the CARMENES RV data alone. We found the peak at f = 0.0115 d −1 in both cases. At P = 2.1 d, the period where Butler et al. (2017) reported a signal from their data alone, the CARMENES and combined data sets do not show any signal.
The CARMENES RV periodogram is relatively free of other significant peaks at frequencies longer than f = 0.02 d −1 (P < 50 d). An interesting group of periodogram peaks appears around f = 0.047 d −1 (P = 21.3 d). This feature may be connected to the rotational period of the star. We investigated line profile indicators and the Hα index as described in Zechmeister et al. (2017) . We note that for the Hα index, we also calculated values when we saw Hα in absorption. Periodograms of the chromatic index (crx), differential line width (dLw), and Hα index are provided in panels 4-6 in Fig. 2 , while panels 7-9 show periodograms for the FWHM, the bisector contrast, and the bisector span from From all the gathered evidence, we suspect that the secondary peak at f = 0.047 d −1 in the CARMENES RVs is caused by rotational modulation of the star that is rotating at P = 21.1 d (or P = 10.6 d). We note that 21.1 d and 10.6 d are close to the fourth and eighth harmonics of 86.5 d. However, if rotational modulation were the origin of these periodogram peaks, we would also expect the first harmonic around 42 d (and others) to be prominent. Because we do not find this peak, and because we do not find excess power in the activity indicators at P = 86.5 d, we conclude that this latter period is of planetary origin.
We determined the parameters of the planet around HD 147379 using a Keplerian model coupled with a NelderMead simplex algorithm (Nelder & Mead 1965; Press et al. 1992) , which minimizes the negative logarithm of the model's likelihood function. In our modeling scheme, we also fit for the unknown RV jitter variance σ jitter of the HIRES/Keck and CARMENES data sets, which we incorporated following the recipe in Baluev (2009) . We quantified the significance of the signal using the ∆ ln L statistic, as discussed in Anglada-Escudé et al. (2016) . When we used CARMENES data alone, we obtained ∆ ln L = 41.7, which results in a false-alarm probability (FAP) of ∼ 6.2 × 10 −15 . The inclusion of the HIRES/Keck data increased this value to ∆ ln L = 51.2 (FAP of ∼ 1.05 × 10 −17 ), meaning that the significance of the detection is further improved by these data. A search for a second signal using the same method did not show evidence for any periodic variability left in the data.
We estimated the uncertainties of the derived orbital parameters by running the Markov chain Monte Carlo (MCMC) sampler emcee (Foreman-Mackey et al. 2013) in conjunction with our model, and as the uncertainty, we adopted the 68.3% (1σ) credibility interval of the resulting posterior parameter distribution. The results from our Keplerian modeling of the HD 147379 data are summarized in Table 1 , together with the stellar parameters. 
In Fig. 3 we show the phased RVs together with the best fit that includes additional RV jitter. The total jitter, (σ is on the order of 3-4 m s −1 for both instruments. The jitter term determined for the HIRES data is consistent with the term reported by Isaacson & Fischer (2010) for the HIRES data of HD 147379. We also tried a model fit considering no RV jitter. All resulting parameters are well within the 1σ error bars of those listed in Table 1 except for the eccentricity and the argument of periastron. The model including jitter yields an orbital solution with low eccentricity (e < 0.13), while the model with no jitter results in a rather high eccentricity (e = 0.29). We favor the model that considers RV jitter under the assumption that there is only one detectable planet orbiting the star and that all the RV noise is a combination of stellar jitter and instrumental noise systematics.
The best-fit orbital solution yields a planetary companion of mass m P sin i ≈ 25 M ⊕ with an orbital semi-major axis a = 0.32 au and low eccentricity, which locates the planet inside the liquid-water temperate zone around HD 147379 (Kopparapu et al. 2013 (Kopparapu et al. , 2014 . According to our MCMC posterior distribution, however, the planetary eccentricity is poorly constrained, and within 2σ, we find that e < 0.25. We note that such a high eccentricity for HD 147379 b would cause the planet to approach the star at closer than the habitable-zone limit near the periastron orbital phase. The best-fit orbit of HD 147379 b is depicted in Fig. 4 together with the limits of the conservative habitable zone. further planet in the system should have an RV amplitude significantly below ∼2 m s −1 .
Conclusions
Radial velocity observations of HD 147379 reveal a 25-M ⊕ planet in the temperate zone around this early-M star. HD 147379 is the first star discovered to host a planet by the CARMENES search for exoplanets around M dwarfs. The existence of the planet and its orbital parameters are supported by RV observations from HIRES/Keck. With a mass between those of Saturn and Neptune (m HD 147379 b ≈ 0.3 M Saturn ≈ 1.5 M Neptune ), HD 147379 b occupies a mass range that is relatively poorly populated, especially around stars that are significantly less massive than the Sun. This planet is located in mass between the super-Earths that grow large enough to open a gap in the disk for type II migration but cannot continue accreting, and the "main clump" planets that can trigger runaway gas accretion and rapidly grow larger (Mordasini et al. 2009 ). HD 147379 b is similar to the known planets GJ 436 b (Butler et al. 2004 ), GJ 3293 b (Astudillo-Defru et al. 2015 , GJ 229 b, and GJ 433 c (Tuomi et al. 2014) , but is located inside the temperate zone of its host star.
The astrometric motion of HD 147379 is relatively large, and the star is a good candidate for determining orbital motion with Gaia in a low-mass star. When we assume that the orbit is circular, the lower limit for the orbital motion semi-amplitude of HD 147379 that is caused by HD 147379 b and seen from Earth is 4.1 µas. If the system is seen under inclination angles lower than i = 90 deg, the mass of the planet is higher, and so is the astrometric orbit. The expected performance of Gaia astrometry for HD 147379 is 6.8 µas.
3 Thus, astrometric detection of the orbital motion of HD 147379 caused by its planet is likely possible with Gaia.
HD 147379 b would be extremely valuable in terms of characterization potential if it transits its host star. The expected transit depth is of 5-10 mmag, but it has a low geometric transit probability of only 0.8%. Photometric follow-up from the ground is complicated by the long period and correspondingly extended transit duration and the uncertainty of the conjunction phase. Nevertheless, it lies only 10 deg away from the ecliptic pole, and TESS should be able to determine whether transits occur.
The discovery of HD 147379 b demonstrates the advantage of programs designed to find planets in orbits of days to months, which are particularly critical for exploring the habitability zone of M dwarfs. The discovery also shows that some of these planets have likely been missed in previous searches.
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